Summary A growing body of evidence indicates that physical activity is protective against breast cancer. In 1996-97, we conducted a 15-year follow-up of 5398 college alumnae comprised of former college athletes with their non-athletic classmates. Participants completed a detailed mailed questionnaire on their health history from 1981-82 to the present. Excluding women who had died and non-deliverable questionnaires, 84.7% (n = 3940) of the participants in our earlier study responded to the questionnaire; the response rate for former athletes was 86.6% (n = 1945), for non-athletes, 83.0% (n = 1995). Results confirmed our earlier findings. Based on self-reports, former college athletes had a significantly lower risk of breast cancer than the non-athletes. The OR for the 15-year incidence of breast cancer is 0.605 with 95% confidence interval (CI) (0.438-0.835); the 15-year incident breast cancers were 64 among the athletes and 111 among the non-athletes. Among women under 45 the protective effect of physical activity on the risk of breast cancer is considerably greater; odds ratio (OR) = 0.164, 95% CI (0.042-0.636). Athletic activity during the college and pre-college years is protective against breast cancer throughout the life span, and more markedly among women under 45. These results confirm our earlier findings and the findings of other investigators.
A relation between physical activity and risk of breast cancer in women was first reported in 1985 when Frisch et al (1985) found that former college athletes had a significantly lower risk of breast cancer than non-athletes. The study was suggested by previous findings that strenuous exercise delays menarche (Frisch et al, 1980; Brinton, 1994) and that physical activity may affect oestrogen metabolism (Frisch et al, 1981) . Experimental and epidemiologic data have suggested that the effect of physical activity on breast cancer could be mediated through changes in endogenous hormones related to body composition, particularly a reduced level of body fat, and immunologic parameters (Friedenreich et al, 1998) . Limited evidence of improved immune function in athletes indicates that macrophages, natural killer cells, lymphokine-activated cells and their regulating cytokines, neutrophils and acute-phase proteins increase in number and/or activity in response to exercise (Shephard and Shek, 1995) .
In a review evaluating and updating the epidemiologic studies on recreational and occupational physical activities and breast cancer development Gammon et al (1998) report a more than twofold increase in the number of such studies since the reviews published in the years 1995-1997. These authors conclude that 'most epidemiologic studies of physical activity reported a reduction in the risk of breast cancer among physically active women.' A recent review of the epidemiologic results on physical activity and breast cancer reported that 15 of 21 studies suggested that physical activity reduces the risk of breast cancer (Friedenrich et al, 1998) ; this review included many of the studies also evaluated by Gammon et al (1998) .
We now report data on a 15-year follow-up of the original 5398 participants of our earlier study (Frisch et al, 1985) , who were then 21-80 years of age. This study, covering the participants' health history from 1981-82 to the present, investigated the relation between physical activity and breast cancer among former college athletes and non-athletes 15 years after our first inquiries. The data are based on self-reports.
SUBJECTS AND METHODS
Our study conducted in 1981-82 (Frisch et al, 1985) comprised a detailed questionnaire sent in December 1981 to 7359 alumnae listed as currently alive by the alumnae office of eight colleges and two universities. Of the 5398 respondents 2622 were former athletes and 2776 were former non-athletes who resided in the USA and abroad. The response rate was 71.4%; 71.9% for the athletes and 70.1% for the controls.
A follow-up questionnaire in 1996 queried the 5398 participants in our earlier study about their health history from 1981-82 to the present. The questionnaire included inquiry about the following: occupation and living arrangements; current exercise or athletic activity; medical history; weight gain or loss; family history of cancer, cardiovascular disease, diabetes and other medical conditions; medications taken; diet including alcohol intake; reproductive history; menstruation and menopause; oestrogen therapy for the menopause; pregnancy history; contraception and fertility/infertility history; activities (walking, jogging, running, etc) ; physical limitations; mental health; self-assessment of general health.
The current addresses of athletes and non-athletes were obtained from each of the ten participating colleges and universities. In Breast cancer among former college athletes compared to non-athletes: a 15-year follow-up addition, the colleges informed us of women who had died between 1982 and 1995, with dates of death when available. Data collection commenced in October 1996 and continued through April 1997. Three questionnaires were received after the closing date, and are not included in the analysis. A total of 268 women had died (5.0%): 121 athletes and 147 non-athletes. In addition, 480 women (8.9%) had non-deliverable and/or no follow-up addresses from the colleges.
Of the 4650 living alumnae who received questionnaires, 3940 responded with completed questionnaires (12 women returned blank questionnaires). The questionnaire was re-sent to those women not responding to our first request. Thus, for the 15-year follow-up, the response rate was 3940/4650 (84.7%). The response rates for the former college athletes and the non-athletes were respectively 86.6% (n = 1945) and 83.0% (n = 1995), a difference which is not statistically significant.
All data for both the 1982 study and the current study were kept confidential. However, using identification numbers, we were able to link the two data sets.
We report the findings on breast cancer among the 3940 respondents in this 15-year follow-up study.
Statistical methods
Fifteen-year incidence rates, based on the follow-up of the subjects, are computed for athletes and non-athletes in five age groups: (1) under 45 years, (2) 45-49, (3) 50-54, (4) 55-64, (5) 65 and older. The rates are the number of cases divided by the number of women in the age group. Odds ratios (OR) for comparing the athletes and non-athletes are coded, with athletes given the value 1, non-athletes the value 0. Odds ratios controlling for age only were computed, and multiple logistic regression analyses were carried out to determine the effects of possible confounding factors on the risk of breast cancer. These factors included the following: age in single years, ever-pregnant, family history of breast cancer, ever-smoked, current exercise; for women under 45: ever-used contraceptives; for women 45 and older: ever-used hormonal replacement therapy (HRT) for the menopausal and post-menopausal periods, menopausal status, per cent body fat (estimated by the equations of Cohn et al, 1980 and Ellis, 1974) . Except for age and per cent body fat variables were dichotomized -1/0 -according to presence or absence of the factor. Statistical methods included simple descriptive statistics, analysis of covariance and multivariate logistic regression. The analyses were carried out on a PC using SAS software (1987). 
RESULTS
The characteristics of the participants (Table 1) are adjusted for age in single years by analysis of covariance. The former college athletes are slightly younger than the non-athletes. This age difference is accounted for by the inclusion of alumnae of a physical training college, most of whom were athletes, and most of whom tended to be younger than other participants. The former college athletes and their non-athlete classmates are similar with respect to family history of cancer and breast cancer, ever-pregnant, use of contraceptives, and the use of HRT by women 50 and older. With respect to life-style factors such as exercise, smoking and diet, the proportion of former athletes who currently exercise was higher than that of non-athletes. The two groups did not differ on smoking history, that is, whether they ever smoked. More non-athletes than athletes reported dietary restrictions and being on a low fat diet.
The former athletes are taller and heavier than the non-athletes, but are leaner as assessed by the equations of Cohn et al (1980) and Ellis et al (1974) (see Appendix for Cohn and Ellis's equations), but not by body mass index (BMI). Among women 50 years of age and older, HRT use did not differ. Although the proportions of ever-pregnant women do not differ significantly, former athletes had slightly more pregnancies and slightly more live births. Age at first pregnancy is similar in the two groups.
Age at first pregnancy showed no relation to breast cancer among women who had at least one pregnancy (80% of the entire sample), controlling for age and for status as former athlete or nonathlete. Among those who reported breast cancer the mean (and standard error) for age at first pregnancy (27.69 ± 0.36) was similar to those without breast cancer (28.13 ± 0.09). Table 2 shows the frequencies and rates per 1000 for the 15-year incident non-fatal breast cancers, that is, breast cancer among survivors of breast cancer who responded to the self-administered questionnaire. The 15-year incidence rates exclude the 32 women who reported breast cancer in the earlier study and responded to the follow-up. No women under 45 reported breast cancer in the earlier study (Frisch et al, 1985) . Table 3 presents the findings of the relation between physical activity and breast cancer, adjusting only for age. Former college athletes are at a significantly lower risk of breast cancer than their non-athletic counterparts, for the 15-year incidence (denoted breast cancer in 1982 and after, in Table 3 ). The OR, adjusting for age only, is 0.606 (95% CI 0.442-0.832, P = 0.0019). Among women who are now under 45 years of age (born 1952 or after), the OR for breast cancer is most striking -the age-adjusted OR is 0.194 (95% CI 0.052-0.723, P = 0.0145). Table 3 presents multivariate OR determined by logistic regression, controlling for possible confounding factors. The following variables were included in the logistic model in addition to athlete/non-athletes: age in single years, ever-pregnant, eversmoked, current exercise, menopausal status, use of contraceptives, use of HRT, per cent body fat (in single units) and family history of breast cancer.
Among women of all ages, for the 15-year incidence of breast cancers, i.e. breast cancer which occurred in 1982 and after, OR = 0.605 (95% CI 0.438-0.835, P = 0.0023). For women under 45, the multivariate OR is 0.164 (95% CI 0.042-0.636, P = 0.0089). Of the women under 45 (born 1952 or after) none had reported breast cancer in the 1981-82 study. That is, among women under 45 years of age, the non-athletes' risk of breast cancer is more than 6 times that of the former college athletes, adjusting for possible confounders. Table 3 shows the results excluding per cent fat as a covariate. This was done because there were missing data on weight and height for 102 women and therefore it was not possible to compute per cent fat. The inclusion of covariates changed the OR relatively little, as may be noted by comparing the results in Table 3.  Table 3 also presents the results (and ORs) for women who had ever been pregnant, 81% of the entire group of 3940 women. The OR for the 15-year incidence is 0.571; the OR for ever-pregnant women differed negligibly from the OR for all women (shown in Table 3 ). Among women under 45 where the OR = 0.466, the 95% CI of 0.103-2.118, P = 0.323 shows the protective effect of being a former athlete, but is not statistically significant due to small numbers among ever-pregnant women under 45.
Current exercise (reported as doing regular exercise at time of response to the questionnaire), adjusting for age and in a multivariate model not including athlete/non-athlete as a covariate, was not significantly associated with breast cancer.
DISCUSSION
To our knowledge we were the first investigators to examine the possible relation between physical activity and breast cancer, using data from a retrospective cohort study. Our 1985 paper, (Frisch et al) , reported that women who had participated in organized athletic activity while in college (82% of whom had begun their athletic training in high school or earlier) had a significantly lower lifetime occurrence of cancers of the breast than their nonathletic classmates. Our follow-up of these subjects carried out 15 years later confirms the previously reported finding that the risk of breast cancer is significantly lower among former college athletes than among non-athletes.
In the past 15 years, 15 of 21 epidemiologic studies have shown a protective effect of recreational and occupational physical activities on the risk of breast cancer (Friedenreich et al, 1998; Gammon et al, 1998) . As Gammon et al (1998) pointed out, differences in outcome could be due to the methods used in the assessment of physical activity, whether the activity was recreational or occupational, the optimal time period, duration, frequency or intensity and the time period in a woman's life during which she was exposed to a risk factor or protective factor. In contrast to the majority of studies (Friedenreich et al, 1998; Gammon et al, 1998) , Rockhill et al (1998) did not support a link between physical activity and breast cancer. These authors analysed data from the Nurses' Health Study II, a prospective study of women aged 25-42 in 1989, who were followed for 6 years. Physical activity during high school and at ages 18-22 was assessed by asking: 'How often did you participate in strenuous physical activity at least twice a week?' These authors conclude that their findings do not support a link between physical activity in late adolescence (defined as ages 18-22), or in the recent past, and breast cancer risk among young adult women.
Our studies avoid many of the pitfalls cited by Gammon et al (1998), and Friedenreich et al (1998) . The two major comparison groups, women who were former college athletes and women who were non-athletic, met rigorously defined criteria for physical activity in college and high school or earlier. The former athletes were identified from college athletic department records; and we verified the assignment to athlete/non-athlete status by examining women's responses to our questionnaire; thus, our procedures minimized recall bias and the risk of misclassification. Our study design is a retrospective cohort. In this 15-year follow-up the response rate was 84.4%. The detailed questionnaires that we used in both studies provide data that permit us to control for possible confounding factors. The two groups of women are similar with respect to social and economic characteristics. The results reported here, which confirm our earlier findings (Frisch et al, 1985) , have biological plausibility -the former athletes were leaner at all ages, had later menarche and earlier menopause, all of which are factors associated with a lower risk of breast cancer (Frisch et al, 1985) .
A new finding from this study concerns the importance of the timing of physical activity. Contrary to Thune et al (1997) , we found that current regular exercise was not protective against breast cancer after adjusting for whether or not a woman was a former college athlete or a non-athlete. Differences in the timing of physical activity, as discussed above, may contribute to the conflicting findings on the relation between physical activity and breast cancer (Friedenreich et al, 1998 , Gammon et al, 1998 .
Related to the role of timing between physical activity and the occurrence of breast cancer is our present finding that the greatest difference in risk between former athletes and non-athletes occurs at age under 45. This result is in accord with Bernstein et al (1994) who reported an overall relative risk of 0.42 for active women under 40, and Thune et al (1997) who found the reduction in risk was greater in younger women than older women.
Obesity is a breast cancer risk factor (Frisch et al, 1985; BarashBallard and Swanson, 1996; Hershcopf and Bradlow, 1987) . Our athletes and non-athletes did not differ significantly in BMI (weight in kilograms divided by height in metres squared). However, muscles are heavy (80% water, compared to 5-10% fat) and the BMI of an athlete can be misleading as to per cent fat. A study of young athletes, compared to controls, using MRI (magnetic resonance imaging) for direct measurements of fat showed athletes had 30-40% less fat at the same weight as controls (Frisch et al, 1993) . When we used the equations of Cohn et al (1980) and Ellis et al (1974) , to determine per cent body fat, we found that former athletes had significantly less body fat. (To estimate per cent body fat using the equations of Cohn et al, the measurements needed are weight, height and age.) The degree of fatness has been related to the risk of breast cancer.
In summary, women who are former college athletes have a significantly lower risk of breast cancer, as compared with women who were non-athletes, throughout the age span.
Further research on the time-dependency between physical activity and breast cancer is needed. We estimate from our findings that the so-called 'Prevented Fraction' (Kleinbaum et al, 1982) , the proportion of breast cancers that would be prevented if women were exposed to physical activity in the college years or earlier would be 17%; for women under 45 years of age about 50%. Based on these estimates of the 'Prevented Fraction', the importance of regular, moderate physical activity initiated in the college and pre-college years may have lasting impacts throughout the life span of women. The confirmation of our earlier results (Frisch et al, 1985) can be taken as strong evidence for the relationship between athletic activity started in adolescence. This evidence has implications for public health and health promotion and should be used as a basis for policy.
